1. Introduction {#sec1}
===============

Since past few decades type 2 diabetes has become a global health problem. As estimated by the World Health Organization more than 176 million people are suffering from this disease globally.[@bib1] The common cause of chronic morbidity and disability among the working population is the complications which are caused due to diabetes. Type 2 diabetes mellitus begins with a period of insulin resistance with increased pancreatic insulin secretion. As the disease advances, pancreatic functions are decreased and are no longer able to meet peripheral requirements. Thus, insulin levels fail to sustain with the body requirements.[@bib2] Experimental animal models of diabetes mellitus (DM) have been useful in gaining insights of the complex pathogenesis of DM. Streptozotocin (STZ) when injected in neonates of rats leads to the key features depicted in diabetic patients in a small period. Diabetes mellitus is a result of low insulin sensibility and dysfunction of the pancreatic beta-cell. Before the development of the disease, the condition is characterized by a symptomless pre-diabetic phase. Practitioners of traditional system of medicine in South Cameroon use *Anacardium occidentale* L. (Anacardiaceae) as a folk remedy for treating diabetes mellitus. Hence, we made an attempt to study the validity of this folk remedy by investigating the effects of ethanol extract of leaves in neonatal STZ diabetic rats.

The Cashew tree, known by the Latin name *A. occidentale*, is a member of the Anacardiaceae family. *A. occidentale* is grown widely in tropical countries like Malaysia, India and Brazil and occurs widely in Senegal and is known as *Darkassou*.[@bib3] Practitioners of Traditional system of medicine in South Cameroon and other tropical countries use *A. occidentale* L. (Anacardiaceae) as a folk remedy for treating diabetes mellitus.[@bib4], [@bib5]

*A. occidentale* commonly known as Cashew is also ethno pharmacologically known to be used in treatment of diarrhea, skin diseases, and various inflammatory conditions such as arthritis.[@bib6], [@bib7], [@bib8], [@bib9], [@bib10] It is also used for treatment of fevers, aches and pains.[@bib11], [@bib12], [@bib13] Literature reports reveal that the studies of acute, subacute toxicity and genotoxic effect and hypoglycemic effect of Cashew in mice and rats (*A. occidentale* L.) have been reported.[@bib14], [@bib15], [@bib16] There are numerous reports on the phytochemical studies of *A. occidentale* and they reveal the presence of various compounds, such as glucosides and glucose and flavonoids.[@bib17], [@bib18], [@bib19]

The *n*-STZ rat model is adequate for testing type 2 diabetes.[@bib20] The (n5-STZ) rat model show signs of a clear basal hyperglycemia with glucose intolerance, a strong reduction of pancreatic insulin stores, high HbA1c values, a lack of plasma insulin response to glucose and a decreased (50%) basal plasma insulin level. A single dose of STZ when given to neonates of rats induces injury of beta-cell which is then followed by limited regeneration (short-term normalization of glycemia), at about 6--15 weeks period, significant beta-cell secretory dysfunction (type 2 diabetes) and an impaired glucose disposal rate is observed.[@bib20]

2. Materials and methods {#sec2}
========================

2.1. Plant material {#sec2.1}
-------------------

Cashew leaves were collected from Tungareshwar forests of Vasai Taluka, Dist. Thane in the state of Maharashtra, India. The plant specimen was authenticated at the Botanical Survey of India, Pune; (M.S), India. A herbarium of the plant specimen (specimen voucher number no. YOGA1/No.BSI/WC/Tech/2008/69) was submitted at the Botany Department of BSI, Pune, M.S., India.

2.2. Preparation of the extract {#sec2.2}
-------------------------------

Fully matured shade dried leaves of Cashew were collected, cleansed and ground to coarse powder form. The samples were extracted by using Soxhlet extractor, with ethanol with a mass to volume ratio of 1:6 (g/mL). The ethanol extract was evaporated to dryness on the rotary evaporator and the residue stored in a refrigerator at 2--8 °C for use in subsequent experiments.

2.3. Acute oral toxicity studies {#sec2.3}
--------------------------------

Animals were procured from Haffkine\'s Research Institute, Mumbai, India and acclimatized with free access to food and water for at least 1 week. Female Albino mice (Wistar strain) were selected for the study. Healthy young animals, 2 months old and 220--250 g weight range of commonly used laboratory strains were employed in the study. Females used were nulliparous and nonpregnant. The study group used 6 animals in each group.[@bib21] Animals were observed individually after dosing at least once during the first 30 min, periodically during the first 24 h, with special attention given during the first 4 h and daily thereafter, for a total of 14 days. The body weights and food intake of animals were recorded. All observations were systematically recorded with individual records being maintained for each animal. Additional conditions like that of tremors, convulsions, salivation, diarrhea, lethargy, sleep, coma and lethality were observed.

2.4. Animals and induction of experimental diabetes {#sec2.4}
---------------------------------------------------

Two day old neonates were injected with optimized dose of 100 mg/kg of Streptozotocin (Sigma, no. 242-646-8) in acetate buffer 0.1 M, pH 4.5. At 4 weeks of age, rats were separated from their mothers and acclimatized with free access to food and water in an air-conditioned room (23 °C with 55% humidity) under a 12 h light: dark cycle. The animals were fed with standard rat pellet diet (Hindustan Lever Ltd., Mumbai, India) and water ad libitum. When animals were 12 weeks old, an oral glucose tolerance test was performed. All the animals were fasted overnight before experiments. Animals which were intolerant to glucose by OGTT and fasting blood glucose levels \>120 mg/dL were selected for the study with ethanol extract of leaves. The study protocol was approved by Institutional Animal Ethics Committee of C. U. Shah College of Pharmacy, Mumbai, India (Approval No: CUSCP/IAEC/29/09-10). The administration of the drugs was done orally for 30 days. At the end of the experimental period, the rats were fasted overnight and blood samples were withdrawn from the retro orbital plexus. Serum samples were used for the various biochemical estimations.

2.5. Experimental groups {#sec2.5}
------------------------

The rats were divided into 4 groups for study of neonatal streptozotocin-induced (n-STZ) model containing six animals each. Group 1 non-diabetic control received 1.5 ml of physiological NaCl-solution (Vehicle), group 2 was treated with the standard oral hypoglycemic agent Pioglitazone (2 mg/kg) in the same vehicle, group 3 diabetic control, treated with streptozotocin (100 mg/kg i.p) also received 1.5 ml of physiological NaCl-solution (Vehicle), group 4 received ethanol extract of cashew leaves 100 mg/kg. The extract was redissolved in 1.5 ml of physiological NaCl-solution and administered orally by a canule.

2.6. Collection of blood and determination of blood parameters {#sec2.6}
--------------------------------------------------------------

The effects of administration of ethanol extract of Cashew leaves to normal and diabetic rats were determined by measuring fasting plasma glucose levels, serum insulin levels, serum lipid profiles, liver glycogen levels (Nicholas, 1956), glycated hemoglobin levels and initial and final changes in body weight. Fasting plasma glucose, serum triglycerides, total cholesterol, were estimated on days 1, 15, and 30 of extract administration. Body weights were determined on day 1, 10, 20 and 30 of extract administration. All other biochemical parameters were determined on day 30 after the animals were sacrificed by decapitation. Serum insulin levels were estimated using a radio immunoassay kit issued by the Board of Radiation and Isotope Research, Bhaba Atomic Research Centre (BARC), Mumbai, India. On day 30, when the animals were sacrificed, the pancreas, liver and kidney of one animal from each group was excised and stored in 10% formalin after washing with normal saline and histopathological parameters were studied. The tissue was washed, dehydrated with alcohol, cleared with xylene and paraffin blocks were made. Serial sections of 5 μm thickness were cut using a rotary microtome. The sections were de-paraffinised with xylene and hydrated in descending grades of alcohol. The slides were then transferred to hematoxylin for 10 min, followed by rinsing with water. These were examined and later counter stained with eosin, rinsed with water, dehydrated with ascending grades of alcohol, cleared with xylene and mounted.

2.7. Statistical analysis {#sec2.7}
-------------------------

All statistical analyses were made using the software InStat for windows. All results were expressed as mean ± SEM. Post hoc Dunnett\'s test was used to determine statistical significance. The values were considered statistically significant when p \< 0.05.

3. Results and discussion {#sec3}
=========================

Acute oral toxicity studies are performed in animals to evaluate the safety of plant based products and other formulations for humans. The safe doses in animals can be extrapolated to human doses. After clinical trials and other regulatory controls are completed for the product, the dosage for humans for a particular plant based product can be determined. It is reported that the pathophysiological observations for gastrointestinal and hematological disorders in animals have a close relativeness with those observed in humans.[@bib22] Although, doses can be extrapolated for safe use, it is difficult to ascertain the replication of same pharmacokinetic behavior of plant based products in humans compared to animals. Prior to any specific kind of pharmacological models, acute oral toxicity studies are recommended to be performed. In phyto-pharmacological studies, acute oral toxicity studies can provide the researcher an estimate of the various toxic effects of a single dose of any plant based product and the effects of each dose and each extract can vary depending on its source.[@bib23]

In this study, the non-toxic nature of the ethanol extract of Cashew leaves was ascertained by carrying out acute oral toxicity studies. At the dose level of 100 mg/kg of ethanol extract of Cashew leaves, no lethality or any toxic reactions were found at any of the doses selected until the end of the study period. Changes in the bodyweight are used as a measure of side effects of drugs or health supplements on the normal physiological functions of the body. Upto a period of 15 days and 30 days, there was no significant difference observed in the body weights of the treatment group and the diabetic control group at p \< 0.05 ([Table 1](#tbl1){ref-type="table"}). These results thus indicate that the tested ethanol extract of Cashew leaves did not have any detrimental effects on the normal pathophysiological functions or growth of the experimental animals at the selected dose level.[@bib24]Table 1Effect of plant extract on body weight in rats.Table 1TreatmentBody weight (g)On day 1Day 10Day 20Day 30Normal control229.17 ± 7.4238.17 ± 6.9245.83 ± 6.1249.50 ± 5.1Diabetic control206.83 ± 11.7218.67 ± 12.2210.83 ± 12.1209.33 ± 13.3Pioglitazone (2 mg/kg)222.67 ± 8.8230.33 ± 10.1236.17 ± 8.82239.67 ± 8.42Ethanol extract of leaves (100 mg/kg)213.67 ± 13.5215.33 ± 18.0223.67 ± 14.0229.83 ± 15.0[^1]

It is known that in STZ induced diabetes model, the drug STZ reaches the beta cells through a glucose transporter mechanism. STZ is reported to cause alkylation of DNA by liberating high levels of nitric oxide and nitrosourea, resulting into inhibition of aconitase.[@bib25] In animal models of STZ the occurrence of insulin resistance is dependent on several factors like dose of STZ, the age, and the strain of animals. Report published earlier report that an i.p. injection of STZ on the second day of birth at dose level 90  mg kg^−1^, developed insulin resistance.[@bib26] In the present study, the extracts showed statistically significant reduction in the blood glucose levels at p \< 0.05 on day 30 ([Table 2](#tbl2){ref-type="table"}). A statistically significant decrease in the glycated hemoglobin levels was observed at p \< 0.05. Ethanol extract of leaves decreased the fasting insulin resistance index (FIRI) and it was comparable to standard -- pioglitazone. A decrease in serum insulin levels was also observed as compared to the diabetic control, but it was not found to be statistically significant at p \< 0.05 ([Table 3](#tbl3){ref-type="table"}).Table 2Effect of plant extract on fasting blood glucose levels in rats.Table 2TreatmentFasting blood glucose (mg/dl) ± SEMOn day 0Day 15Day 30Normal control78.67 ± 0.8476.5 ± 1.3875.83 ± 1.82Diabetic control150.33 ± 6.92149.33 ± 5.86154.50 ± 5.40Pioglitazone (2 mg/kg)144.83 ± 7.24129.50 ± 5.47[a](#tbl2fna){ref-type="table-fn"}113.33 ± 3.30[a](#tbl2fna){ref-type="table-fn"}Ethanol extract of cashew leaves (100 mg/kg)147.67 ± 6.09135.83 ± 4.40123.83 ± 2.87[a](#tbl2fna){ref-type="table-fn"}[^2][^3]Table 3Effect of plant extract on serum insulin and glycated hemoglobin in rats.Table 3TreatmentSerum insulin on day 30 (Uiu/ml)Glycated hemoglobin on day 30 (%)FIRI on day 30Normal control16.99 ± 1.53.92 ± 0.0851.71 ± 5.1Diabetic control16.52 ± 1.95.6 ± 0.27103.37 ± 14.8Pioglitazone (2 mg/kg)13.43 ± 1.44.25 ± 0.18[a](#tbl3fna){ref-type="table-fn"}60.44 ± 5.86[a](#tbl3fna){ref-type="table-fn"}Ethanol extract of cashew leaves (100 mg/kg)11.69 ± 0.934.92 ± 0.17[a](#tbl3fna){ref-type="table-fn"}57.90 ± 4.69[a](#tbl3fna){ref-type="table-fn"}[^4][^5][^6]

In diabetes, it is observed that an increase in levels of free fatty acids occurs. The circulating free fatty acids have deleterious effect on the endothelial functions by various pathways and mechanisms which include free radical production, protein kinase C activation and increase in severity of dyslipidemia.[@bib27] Oxidative stress is caused by an increase in free radical production by the body and which lead to micro and macro vascular complication in diabetes. Oxidative stress has a strong interlink to the complications and progress of diabetes and insulin resistance. With an increase in oxidative stress, coupled with increase in free fatty acids and blood glucose level, the insulin activity and secretion levels are adversely affected.[@bib28] In the animals treated with ethanol extract of leaves, the triglycerides levels on day 30 were found to be decreased and statistically significant as compared to diabetic control at p \< 0.05 ([Table 4](#tbl4){ref-type="table"}). The lipid profiles for VLDL-C levels showed statistically significant results as compared with diabetic control at p \< 0.05 ([Table 5](#tbl5){ref-type="table"}). However, significant reductions in LDL-C and HDL-C were not observed at p \< 0.05 ([Table 6](#tbl6){ref-type="table"}). The renal markers were accessed to ascertain the effect of drug treatment in diabetic rats. However, there was no significant difference observed between the treatment group and diabetic control at p \< 0.05 ([Table 7](#tbl7){ref-type="table"}).Table 4Effect of plant extract on serum triglyceride levels in rats.Table 4TreatmentSerum triglyceride (mg/dl) ± SEMOn day 0Day 15Day 30Normal control58.55 ± 3.6561.21 ± 3.9960.06 ± 4.13Diabetic control97.33 ± 8.1298.71 ± 7.97104.89 ± 7.55Pioglitazone (2 mg/kg)94.80 ± 3.0584.59 ± 2.6775.93 ± 2.52[a](#tbl4fna){ref-type="table-fn"}Ethanol extract of cashew leaves (100 mg/kg)96.63 ± 4.2288.84 ± 4.1681.69 ± 4.47[a](#tbl4fna){ref-type="table-fn"}[^7][^8]Table 5Effect of plant extract on lipid parameters in rats.Table 5TreatmentSerum Parameter on day 30HDL-C (mg/dl)LDL-C (mg/dl)VLDL-C (mg/dl)Normal control37.35 ± 1.8128.73 ± 3.9512.01 ± 0.82Diabetic control34.01 ± 2.0149.38 ± 4.9420.98 ± 1.51Pioglitazone (2 mg/kg)39.74 ± 2.2829.31 ± 3.80[a](#tbl5fna){ref-type="table-fn"}15.15 ± 0.78[a](#tbl5fna){ref-type="table-fn"}Ethanol extract of cashew leaves (100 mg/kg)36.19 ± 1.8035.39 ± 3.0316.34 ± 0.89[a](#tbl5fna){ref-type="table-fn"}[^9][^10][^11][^12]Table 6Effect of plant extract on serum total cholesterol levels in rats.Table 6TreatmentSerum total cholesterol (mg/dl) ± SEMOn day 0Day 15Day 30Normal control78.89 ± 3.2277.82 ± 2.7878.09 ± 3.87Diabetic control99.49 ± 2.82102.42 ± 3.38104.37 ± 4.95Pioglitazone (2 mg/kg)95.11 ± 2.7288.90 ± 2.64[a](#tbl6fna){ref-type="table-fn"}84.21 ± 3.18[a](#tbl6fna){ref-type="table-fn"}Ethanol extract of cashew leaves (100 mg/kg)96.32 ± 2.5991.93 ± 2.5187.91 ± 3.21[a](#tbl6fna){ref-type="table-fn"}[^13][^14]Table 7Effect of plant extract on renal function biomarkers in rats.Table 7TreatmentSerum biomarkers of Liver and Kidney on day 30SGOTSGPTUreaCreatinineNormal control273.14 ± 5.4771.88 ± 4.9161.18 ± 1.640.67 ± 0.02Diabetic control286.71 ± 28.4685.34 ± 10.8577.83 ± 2.120.81 ± 0.06Pioglitazone (2 mg/kg)291.83 ± 20.6191.16 ± 7.2867.60 ± 3.880.75 ± 0.02Ethanol extract of cashew leaves (100 mg/kg)222.19 ± 23.2366.29 ± 4.2766.93 ± 3.960.66 ± 0.01[a](#tbl7fna){ref-type="table-fn"}[^15][^16]

Studies indicate that there is interlink and interplay of various pathological factors between liver and kidneys in diabetic conditions.[@bib29] However, no studies report that the toxicities caused to liver and kidneys due to STZ are related to the levels of blood glucose.[@bib30], [@bib31] It is reported in studies that STZ has a non-specific action on the destruction of vasculature of other body organs, besides pancreas. The exogenous insulin is reported to accumulate more in the blood of experimental animals, after the destruction of pancreatic cells. Researchers suggested that the accumulation of insulin in the blood may be result of impaired renal and hepatic functions.[@bib32]

Publications focusing on hepatic destruction in STZ induced diabetic rat models report disorientation in the cellular structure of liver in diabetic rats. The structural degeneration includes deposition of glycogen, location of nucleus at the periphery of cell membrane and acidophilic cytoplasm. The livers of diabetic rats are found to have necrotic cells, microvascular vacuolization and hydropic inflammation.[@bib33]

In the histopathological investigations of the present study, the liver of control rats were found to be divided into the classical hepatic lobules; each formed of cords of hepatocytes radiating from the central vein to the periphery of the lobule. The cell cords were separated by narrow blood sinusoids. The histopathological examination of diabetic rats showed periportal necrosis of the hepatocytes near the portal areas. The liver also showed dilated and congested portal vessels as well as areas of inflammatory cell infiltration. In diabetic rats treated with standard Pioglitazone liver of control rats appears to be divided into the classical hepatic lobules; each is formed of cords of hepatocytes radiating from the central vein to the periphery of the lobule. The cell cords were separated by narrow blood sinusoids as in normal control rat. In diabetic rats treated with extract of leaves, the liver architecture appears more or less like control ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1**Photomicrographs of liver**. a) Normal rat, b) diabetic rat, c) diabetic rats treated with standard drug, d) diabetic rat treated with ethanol extract of leaves.Fig. 1

It is well known that diabetic nephropathy is one of the complications caused during progression of diabetes. The nephropathy characteristics are atrophy of glomerular cells, thickening of basement membrane of glomerular cells and hypertrophy. The tubular interstitium cells are often reported to have an accumulation of extracellular matrix constituents.[@bib34] The inflammatory reactions, degeneration of tubules in the kidney cortex coupled with hyperglycemia and hyperlipidemia lead to renal damage.[@bib35] Prolonged existence of these complications lead to acute inflammation in the kidneys of type 2 diabetic animals. The diabetic nephropathy is characterized by necrosis of tubules, atrophy of glomerulus, and capillary congestions. Extended periods of hyperlipidemia and hyperglycemia elevate oxidative stress conditions *in-vivo*. These conditions can be controlled by use of anti-oxidant rich compounds.[@bib36]

Examination of the kidney of the normal control rats revealed normal glomeruli with thin glomerular basement membranes, normal cellularity and patent capsular space surrounded by proximal and distal were normal. Light microscopy of the kidney sections from diabetic rats showed an increase in the mesangial cell and matrix of the glomeruli and hyalinization of the arterioles. In diabetic rats treated with pioglitazone, the kidney architecture appears more or less like normal control. In diabetic rats treated with leaves extract, the kidney architecture appears more or less like normal control with the exception of some inflammatory infiltration that appeared in the interstitium ([Fig. 2](#fig2){ref-type="fig"}).Fig. 2**Photomicrographs of kidney**. a) Normal rat, b) diabetic rat, c) diabetic rats treated with standard drug, d) diabetic rat treated with ethanol extract of leaves.Fig. 2

The hepatic and renal processes contribute significantly to the vital functions of excretion and elimination and pancreas contributes in metabolic regulation. The structural changes in pancreas reflect changes in metabolic processes of secretion; sensitivity and regulation of insulin.[@bib33] Atrophy of islets, decrease in the beta cells, and cellular degeneration are indicating features of pancreatic destruction. Fat and amyloid tissue deposition occurs in the islets, and the number of beta cells is drastically reduced in terminal stages of diabetes.[@bib33] In the pancreas of normal control rats of this present study, many round and elongated islets were evenly distributed throughout the cytoplasm, with their nucleus lightly stained than the surrounding acinar cells. In diabetic rats, the islets were damaged, shrunken in size and infiltration of lymphocytes was observed. In rats treated with plant extracts and standard Pioglitazone, islets were comparable to normal rats and there was not much shrinkage in size of the islet although slight damage was observed ([Fig. 3](#fig3){ref-type="fig"}).Fig. 3**Photomicrographs of pancreas**. a) Normal rat, b) diabetic rat, c) diabetic rats treated with standard drug, d) diabetic rat treated with ethanol extract of leaves.Fig. 3

Compared to the other existing models of diabetes in rats, the neonatal STZ rat model is considered to be better for elucidation of the mechanisms related to renal, hepatic and pancreatic functions in type 2 diabetes.[@bib37] The ethnobotanical data for the leaves of *A. occidentale*, which are traditionally used by the South Cameroon population against type 2 diabetes, is confirmed in our ethno pharmacological studies. Our results signify that the *n*-STZ diabetic animal group developed a moderate type 2 diabetes; nevertheless the animals were in better conditions (with lower blood-sugar concentrations); which confirms that the (*n*-STZ) model is appropriate for study on type 2 diabetes.

4. Conclusion {#sec4}
=============

It can be concluded that the traditional use of *A. occidentale* as a hypoglycaemic agent is justified. The extracts from the leaves of this plant show a significant activity which is comparable to the standard hypoglycemic drug pioglitazone.
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[^1]: Each of the values are expressed as mean ± S.E.M., *n* = 6.

[^2]: Each of the values are expressed as mean ± S.E.M., *n* = 6.

[^3]: Significantly different from control, p \< 0.05.

[^4]: Each of the values are expressed as mean ± S.E.M., *n* = 6.

[^5]: FIRI denotes fasting insulin resistance index.

[^6]: Significantly different from control, p \< 0.05.

[^7]: Each of the values are expressed as mean ± S.E.M., *n* = 6.

[^8]: Significantly different from control, p \< 0.05.

[^9]: Each of the values are expressed as mean ± S.E.M., *n* = 6.

[^10]: TG -- Triglyceride; TC -- Total cholesterol; HDL-c -- High density lipoprotein cholesterol; LDL-C -- Low density lipoprotein cholesterol; VLDL-C -- Very low density lipoprotein cholesterol, LDL-C, VLDL-c calculated using friedewald formula.

[^11]: VLDL = TG/5; LDL = TC − (HDL + TG/5).

[^12]: Significantly different from control, p \< 0.05.

[^13]: Each of the values are expressed as mean ± S.E.M., *n* = 6.

[^14]: Significantly different from control, p \< 0.05.

[^15]: Each of the values are expressed as mean ± S.E.M., *n* = 6.

[^16]: Significantly different from control, p \< 0.05.
